Objective: The use of other mammals' milk as an alternative treatment of cow's milk allergy is controversial due to their similar protein structures. In the present study, we aimed to investigate cross reactions with sheep's, goat, and camel's milks using skin prick test and atopy patch test in children with cow's milk allergy.
INTRODUCTION
Atopic dermatitis (AD) is a chronic inflammatory skin disorder. The co-occurrence of AD and food allergy is particularly common among infants (1) . The most commonly encountered food allergens are milk and egg (2) . Food allergies are divided into two groups by their mechanism of development as early onsettype and late onset-type reactions (3) . In AD, allergic reactions are classified as mixed type, which can develop via immunoglobulin E (IgE) and or non-IgE mediated mechanisms. A single diagnostic method may not be adequate to determine the etiology since IgE and/or nonIgE mediated mechanisms are effective together in the pathophysiology of atopic dermatitis. In early-onset type reactions, skin prick test (SPT) and specific IgE (sIgE) algorithms are well established; however, there are still unclarified areas in the diagnosis of late-type reactions (3) .
Atopy patch test (APT) can be used in the diagnosis of latetype reactive food allergies (4, 5) . The gold standard testing method for food allergies formed by both types of reaction is the double-blind placebo-controlled food provocation (DBPCFP) test (6) .
Total elimination of cow's milk protein from a child's diet and providing a suitable, nutritional, substitute supply for feeding are the only current strategies (3) . In children with cow's milk allergy (CMA), amino acid-based formulas or fully hydrolyzed formulas are usually used as part of an elimination diet. Although their nutritional value is high, their high cost and poor palatability for some children limit the use of extensively hydrolyzed formulas. For these reasons, there has been continuous search for other non-bovine, mammalian milk as replacement for cow's milk. Unfortunately, it has been demonstrated, by several studies, that children with CMA develop allergy to the milk proteins of these mammalian milk due to some similarity between the proteins of these mammalian milk and that of the cow's milk (7, 8) . However, those studies have usually been performed in children with CMA and early onset type reactions. It is unclear whether similar cross reactions occur in mixed or late onset type reactions.
In the present study we aimed to investigate, by using SPT and APT, whether cross reactions with goat's, sheep's, and camel's milks existed at similar rates in early-and lateonset reactions among children with AD and CMA.
MATERIALS and METHODS
Our study group was composed of children younger than 2 years of age with atopic dermatitis, who were recruited for an earlier study conducted by our team, where we studied sensitivity of diagnostic tests for CMA (9) . In the first study atopic dermatitis diagnosis was made by using Hanifin-Rajka criteria (10) . All families were informed about the study and their informed consent was obtained. Patients with reported AD flare-ups and/or allergic reactions following the consumption of cow's milk and milk products were included in the study. The patients with previously diagnosed or suspected food allergies other than cow's milk were excluded. Demographic properties, complaints, family and personal history were recorded. Having at least one family member diagnosed with conditions like as asthma, allergic rhinitis and/or conjunctivitis, AD, food and drug allergies was considered as a positive family history for atopy. Nutritional history of the patients included information about the duration of breast-feeding and the beginning of cow's milk and milk products consumption.
Skin Prick Test (SPT)
In AD patients with active skin reactions suitable treatment modalities were planned. In patients with receding lesions, antihistamines and systemic steroids were stopped according to suggested time periods, as were topical steroids applied to the test area. In all patients, pasteurized cow's, boiled sheep's, goat's and camel's milk were used for the prick-to-prick skin test. Histamine and saline were used as positive and negative controls, respectively. After a single drop of milk on a subject's forearm area, the epidermis was pierced using Stallerpoint® (Stallergenes, France). Reactions were reviewed after 15 minutes. The test was regarded positive after which the mean diameter of the swollen area became at least 3 mm greater than the negative control diameter (11, 12) .
Atopy Patch Test (APT)
Haye's Test Chamber® (0540577, Netherlands) was used for APT. Drops of pasteurized cow's, sheep's, goat's and camel's milk were administered into the test chamber and saline solution was used as negative control. The test area was then checked after 20 minutes for early reactions. The patch was worn on the application area for 48 hours. The initial review was done 20 minutes after patch removal. The patch test results were reviewed within 72 hours. Reactions were grouped according to results: -: negative; +/-: doubtful: erythema only; +, weak positive: erythema and slight infiltration; ++, strong positive: erythema, infiltration, papules; +++, very strong positive: erythema, infiltration, papules, vesicles. Irritant or doubtful reactions, including sharply demarcated confluent erythema, or reactions confined to margins without infiltration were not regarded as positive (13) (14) (15) (16) .
Open Food Challenge
Open food challenge (OFC) was performed in all patients after obtaining the informed consent forms. The patients were given a cow's milk elimination diet for two weeks before the test. Vital findings (heart rate, respiration rate, arterial blood pressure, and systemic examinations) were recorded. The necessary medications (adrenaline, antihistamines, nebulized salbutamol, inhaled and systemic corticosteroids) and equipment (oxygen mask, nebulization and resuscitation set) were made ready at bedside for possible serious reactions that might develop during the test period. Oral provocation was performed using pasteurized cow's milk. Patients were administered 0.1 ml, 0.3 ml, 0.5 ml, 1 ml, 3 ml, 5 ml, 10 ml, 20 ml, 50 ml and 100 ml cow's milk in 15-minute periods. During the test, blood pressure, heart rate, respiration rate, itching, erythema, swelling, nausea, emesis, abdominal pain, sneezing, nose itching, nasal congestion, rhinorrhea and coughing were recorded after each dose. The test was finalized in case of any occurrence of skin symptoms (rash, urticaria, and angioedema), gastrointestinal symptoms (vomiting, proctocolitis, enterocolitis, and diarrhea) and/or respiratory symptoms (bronchospasm, dyspnea) during the test (17) . Patients were monitored for 24 hours after the test at the hospital. OFC negative patients were administered 200 ml/day cow's milk for a week and were reviewed thereafter. The test was considered positive in case of severe itching and/or exacerbation of atopic dermatitis lesions in the monitoring process.
Early onset reaction was defined as a reaction that occurred within the first two hours; late onset reaction was defined as a reaction that occurred between two hours to one week. Non-reactive patients were considered as negative (3).
Our study population was composed of patients who were determined by OFC as having early and/or late reactions and diagnosed with CMA in the first study. The results of the SPT and APT tests done with cow's milk and other mammals' milk were compared with regard to cross reactions. This study has been approved by ethics committee at the Adnan Menderes University, Medical Faculty.
Statistical Analysis
The study data were analyzed with SPSS 20.0 for Windows (SPSS Inc., Chicago, Illinois) software package.
The normal distributions of quantitative variables were checked with Kolmogorov-Smirnov test. Descriptive statics were expressed as frequency (%), mean±standard deviation, and median (minimum-maximum). The normally-distributed variables were compared between independent groups using Student's t-test whereas nonnormally distributed variables were compared with Mann Whitney-U test.
RESULTS
Among 53 patients with AD and suspected CMA in our previous study, 24 patients who were detected to have CMA by OFC were enrolled. Mean age of the study group was 1.5±1.0 years and the male:female ratio was 1. Table  I shows the demographic properties, dietary history, and atopy rates in the families.
Among the CMA (+) patients, 15 patients (63%) had early onset and 9 (37%) had late onset reactions. Only 66.6% of the patients diagnosed with CMA were SPT positive. None of the patients with a delayed reaction had positivity with skin testing whereas all of them had APT positivity. While none of the patients with a negative OFC had positivity with SPT, three had false positive APTs. The results of the SPT and APT tests done with other mammals' milk in CMA positive patients were shown on Table II . Only 66.7% of early-onset type OFC (+) cases were SPT positive with cow's milk, and 70% of SPT positive cases were shown to cross-react with sheep's and goat's milk. None of the cases with late-onset reactions with OFC had SPT positivity. Among patients with APT positivity with cow's milk, 88.8% had APT positivity with goat's milk and 66.6% with sheep's milk. None of the patients with CMA had SPT and APT positivity.
Although one patient was found to be CMA negative with SPT, APT and OFC, a positive reaction was observed to goat's milk with APT; and that patient was subsequently diagnosed with late type isolated goat's milk allergy. 
DISCUSSION
Our study results showed that a considerably high cross reaction between cow's and sheep's and goat's milk could be demonstrated with both SPT and APT, but there was no cross reaction between cow's and camel's milk demonstrable by neither SPT nor APT.
The co-occurrence of CMA and moderate-to-severe atopic dermatitis is common, particularly among young children. An elimination diet should be implemented to control the symptoms of the disease in this age group. Hydrolyzed or amino acid-based formulas are typically used instead of cow's milk. However, they are expensive; and compliance cannot be guaranteed in some children due to their unpleasant taste. Therefore, families and physicians are in active search for alternative nutritional approaches. Using other mammals' milks as an alternative to cow's milk is a hot topic of research. Cow's milk is composed of casein and whey proteins. Whey allergens are composed of alpha-lactalbumin (ALA), betalactoglobulin (BLG), bovine serum albumin (BSA), bovine immunoglobulins, and caseine allergens (consisting of 4 different proteins: alpha s1 , alpha s2 , beta, and kappa casein). Prior studies have shown that, owing to belonging to the same family, sheep's, goat, and cow's milk have similar protein structures, and there exists a high degree of cross reactivity between them (20,21). Donkey's, horse's, pig's and camel's milk show a lesser degree of similarity since these animals belong to a different family. Many former studies have suggested that horse, donkey, and camel's milk may be used as an alternative to cow's milk in case of allergy against the latter (7, 8) .
The most commonly recommended milk is goat's milk in patients with CMA (18) . As a result of a lesser amount of caseine and a different protein structure, it has been argued that goat's milk can be tolerated better in subjects with CMA (19) . However, cross reactions between cow's and goat's milk have been shown in many studies, both invivo and invitro (8) . Bellioni-Businco (20) reported that 92% of children with CMA could not tolerate goat's milk while Infante Pina et al. (21) reported a corresponding figure of 75%. The sensitivity of SPT may be quite lower due to an immature skin sensitivity especially in young children. In our study, only 10 of 15 patients with CMA who had an early type OFC positivity also showed SPT positivity. It has been shown that 70% of SPT positive cases with cow's milk had also SPT positivity with goat's and sheep's milk. Such higher percentages of cross reactions indicate that recommending goat's milk as an alternative to cow's milk in patients with CMA is not safe. It has even been reported that administering goat's milk may trigger anaphylaxis in some subjects with CMA (22) .
Clinical signs and symptoms in atopic dermatitis may emerge by IgE and non-IgE mechanisms. Therefore, diagnosing food allergies solely with SPT without using OFC may lead to inadequate elimination and a failure to adequately control AD exacerbations due to a failure to exclude non-IgE reactions. OFC is a difficult-to-apply technique that is time-consuming for physicians and that requires a careful monitorization owing to a possibility of triggering allergic reactions. A plenty of studies has been conducted on the feasibility of the diagnostic use of APT in non-IgE reactions; however, its routine use is controversial owing to inadequate rating criteria or a subjective assessment. All patients with delayed positivity to OFC had also APT positivity to cow's milk. However, a similar APT positivity was detected in 3 OFC early positive cases and 3 APT negative cases. APT positivity in OFC early positive cases was related to an immune mechanism being both IgE-and non-IgE-mediated in these cases. However, APT positivity in OFC negative cases was linked to an AD-related impairment of skin integrity. This suggested us that one must be careful against false positives when APT is assessed. APT positivity in all cases with delayed OFC positivity suggested that APT could be used as an ancillary diagnostic test for CMA in equivocal cases. Our study showed APT positivity with goat's milk in 8 of 9 patients with delayed OFC positivity and with sheep's milk in 6. These results suggest that cross reactivity in early reactions between other mammals' milk and cow's milk also exists for delayed reactions, and that patients that are administered other mammals' milk should be definitely followed for delayed effects.
Rare cases of isolated goat's or sheep's milk allergy have been reported in the literature. This was found to be against some proteins that are found in goat's and sheep's milk but not in cow's milk (23, 24) . Our study similarly demonstrated a ++++ reaction against goat's and sheep's with APT in a patient who had no CMA and who was SPT negative with goat's milk. That patient could not be applied oral provocation test with goat's milk since the patient's family gave no consent for it. Although there was no history of direct goat's milk use, the patient was found to have consumed processed meat products containing goat's milk, and the patient's signs of AD remarkably regressed after an elimination diet. It was noted that when goat's milk was reintroduced to his diet, his eczema was markedly exacerbated. These findings showed us that the patient had an isolated delayed type allergic reaction against goat's milk. A review of the literature revealed that our case was the first who had a delayed type reaction with goat's milk proved by APT.
Our study has some limitations. The results of patients detected to have a cross reaction between cow's milk and other mammal milk with APT could not be verified with OFC since parents of children with positive goat's and sheep's milk tests refused oral challenge tests knowing the possibility of high risk of allergic reaction although there is lack of evidence on the risk of reaction to goat's and sheep's milk. APT's standardization for the diagnosis of CMA is not clear and its routine use for diagnosis is a subject of debate. However, our study group consisted of patients with mixed type allergy. In patients with delayed type allergy, test methods such as SPT and specific IgE measurement may not be adequate. Our study showed very high sensitivity of APT for delayed reactions. Our study serves as a preliminary study on this subject, and additional studies on the routine use of APT for AD are needed.
In summary, our study demonstrated that among children younger than 2 years of age who had CMA, cross reactions against goat's and sheep's milk could be shown using APT, and that none of the cases developed early or delayed type reactions against camel's milk. This study suggests that camel's milk can be regarded as a safer substitute than goat's and sheep's milk in children with CMA. In order to recommend camel's milk for children with CMA, however, many studies are needed to be conducted in the future to determine the tolerable amount of camel's milk and its nutritional adequacy among children with CMA.
